In the present paper, we derive numerous identities for multivariate q-Euler polynomials by using umbral calculus.
Preliminaries
Throughout this paper, we use the following notation, where C denotes the set of complex numbers, F denotes the set of all formal power series in the variable t over C with F = f (t) = ∞ k=0 a k t k k! | a k ∈ C , P = C [x] and P * denotes the vector space of all linear functional on P, L | p (x) denotes the action of the linear functional L on the polynomial p (x), and it is well-known that the vector space operation on P * is defined by
The formal power series are known by the rule
which defines a linear functional on P as f (t) | x n = a n for all n ≥ 0 (for details, see [10, 11, 14, 17] ). Additionally, t k | x n = n!δ n,k , (1.1) where δ n,k is the Kronecker symbol. When we take f
, then we obtain f L (t) | x n = L | x n and so as linear functionals L = f L (t) (see [10, 11, 14, 17] ). Additional, the map L → f L (t) is a vector space isomorphism from P * onto F . Henceforth, F will denote both the algebra of the formal power series in t and the vector space of all linear functionals on P, and so an element f (t) of F will be thought of as both a formal power series and a linear functional. F will be called as umbral algebra ( see [10, 11, 14, 17] ).
Also, the evaluation functional for y in C is defined to be power series e yt . We can write that e yt | x n = y n and so e yt | p (x) = p (y) ( see [10, 11, 12, 14, 17] ). We want to note that for all f (t) in F
and for all polynomial p (x),
(for details, see [10, 11, 14, 17] ). The order o (f (t)) of the power series f (t) = 0 is the smallest integer k for which a k does not vanish.
, if and only if o (f (t)) = 0. Such series is called an invertible series. A series f (t) for which o (f (t)) = 1 is called a delta series ( see [10, 11, 12, 14, 17] 
A delta series f (t) has a compositional inverse
Thus, we see that
By (1.4), we get
Let S n (x) be a polynomial with deg S n (x) = n. Let f (t) be a delta series and let g (t) be an invertible series. Then there exists a unique sequence S n (x) of polynomials such that
The sequence S n (x) is called the sheffer sequence for (g (t) , f (t)) or that S n (t) is sheffer for (g (t) , f (t)).
The sheffer sequence for (1, f (t)) is called the associated sequence for f (t) or S n (x) is associated with f (t). The sheffer sequence for (g (t) , t) is called the appell sequence for g (t) or S n (x) is Appell for g (t).
Let p (x) ∈ P. Then we have
, ( see [10, 11, 14, 17] ).
Let S n (x) be sheffer for (g (t) , f (t)). Then
Let a 1 , · · · , a r , b 1 , · · · , b r be positive integers. Kim and Rim [1] defined the generating function for multivariate q-Euler polynomials as follows:
Note that
where [x] q is q-extension of x defined by
We assume that q ∈ C with |q| < 1. Also, we want to note that lim q→1 [x] q = x (see [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] ). In the special case,
called multivariate q-Euler numbers. By (1.10), we procure the following:
Kim et al [10] studied some interesting identities for Frobenius-Euler polynomials arising from umbral calculus. They derived not only new but also fascianting identities in modern classical umbral calculus.
By the same motivation, we also get numerous identities for multivariate q-Euler polynomials by utilizing from the umbral calculus.
On the multivariate q-Euler polynomials arising from umbral calculus
Assume that S n (x) is an appell sequence for g (t), by (1.9), we have 1 g (t)
x n = S n (x) if and only if
Let us take
Then we readily see that
is an invertible series. By (2.1), we have
By (2.2), we procure the following 1
Also, by (1.9), we have
By (2.3) and (2.4), we have the following proposition.
By (1.10), we see that
where we used g := g (t | a 1 , · · · , a r ; b 1 , · · · , b r ). Because of (2.3) and (2.5), we discover the following:
Therefore, we deduce the following theorem.
∈ F . Then we have for n ≥ 0 :
From (1.10), we derive that
By comparing the coefficients in the both sides of t n n! on the above, we procure the following
From theorem 1, we get the following equation
By using (2.9) and (2.10), we obtain the following theorem.
Theorem 2. For n ≥ 0, then we have
Now, we consider that
Therefore, we discover the following theorem:
By (2.4) and proposition 1, we have
Thanks to (1.8), we readily derive the following:
On account of (2.13) and (2.14), we get
Consequently, we obtain the following theorem.
Theorem 4. For n ≥ 0, then we have
Assume that
is an appell sequence for
Thus we have
From (2.16) and (2.17), we compute
Thus, by (2.18), we derive As a result, we state the following theorem. 
